Cerebral autosomal dominant arteriopathy with subcortical infarcts and leucoencephalopathy (CADASIL), is the most common cause of inherited cerebral small vessel disease, inherited stroke and inherited vascular dementia. It is not infrequent for CADASIL to be mistaken and mistreated for multiple sclerosis (MS). A much less frequent but existing scenario is the co-occurrence of CADASIL and MS (or MS-like inflammatory condition). Such patients may present with spinal cord lesions, brain or spinal cord enhancing lesions, positive oligoclonal bands and high IgG index in the cerebrospinal fluid and good response to corticosteroids or immunomodulating treatments. CADASIL through various mechanisms may trigger or modulate autoimmune reactions, and either be complicated by an inflammatory component or cause an MS-like disorder.
INTRODUCTION
Cerebral autosomal dominant arteriopathy with subcortical infarcts and leucoencephalopathy (CADASIL), caused by mutations in NOTCH3 gene [1] is the most common cause of inherited cerebral small vessel disease, inherited stroke and inherited vascular dementia [2] . Patients typically present with various combinations of migraine with aura, stroke or transient ischemic attacks (TIAs), in the presence of multiple and progressively confluent white matter ischemic lesions involving, among others, the anterior temporal lobe and the external capsule [3] . As the load of ischemic lesions increases and the disease progresses, behavioral and psychiatric symptoms, vascular dementia and motor disability become evident [4] . Atypical presentations may exist and the clinical differential diagnosis may be extensive [5] . Diagnosis is confirmed by genetic testing of the NOTCH3 gene [1, 4] .
CADASIL MISDIAGNOSED AS MULTIPLE SCLEROSIS
It is long known that, during the early or middle stages of CADASIL, recurrent ischemic events and multiple white matter lesions may mimic multiple sclerosis (MS) [6] [ Figure 1 ]. Autosomal dominant inheritance, migraine with aura, characteristic involvement of the anterior temporal lobe, ischemic lesions within the basal ganglia and deep nuclei such as the thalamus and, later on, dementia may point towards CADASIL. On the contrary, lesions present exclusively in the white matter (especially the periventricular white matter) and the corpus callosum, spinal cord involvement, history of optic or retro bulbar neuritis and the additional presence of oligoclonal bands in the cerebrospinal fluid, may point towards MS [ Table 1 ]. However, some of the above may be absent, unrecognized, atypical or not reported. Patients with de novo NOTCH3 mutations and, thus, with negative family history have been described [7] , while familial forms of MS are known to exist and enter in the differential diagnosis [5] . Migraine with aura or the characteristic anterior temporal lesions may be absent in almost 50% and 25% of CADASIL patients respectively [8] and these percentages may be even larger in patients of Chinese origin [9] . Corpus callosum or pericalosal lesions (typically present in MS) may also occur in CADASIL [3, [10] [11] [12] . Atypical features may increase diagnostic confusion and increased clinical suspicion may be needed to prompt diagnostic testing of NOTCH3.
Despite the better understanding of typical and atypical clinical presentations of CADASIL gained overtime and the availability of genetic testing, misdiagnosis of CADASIL as MS is still not an infrequent scenario [13, 14] . Even in typical cases, prolonged mistreatment of CADASIL with immunological treatments targeting MS has been described [14] . An older study revealed no association between NOTCH3 mutations and MS [15] . This led some authors to adapt the notion that the differential diagnostic question has a dichotomous answer, i.e. the patient has either CADASIL or MS [14] . This may not be always true. A rare but existing scenario implicates the presence of autoimmune (including MS-like) disorders, in patients with CADASIL. 
PATIENTS WITH CADASIL AND VARIOUS AUTOIMMUNE DISORDERS
The possible involvement of autoimmune mechanisms in some patients with CADASIL has been hypothesized [16] . The presence of antiphospholipid antibodies has been reported in two unrelated female patients with CADASIL, suggesting that the two conditions may co-occur [17] . Central nervous system angiitis may also co-occur with CADASIL [18] . The presence of antinuclear antibodies has been reported in at least 3 members of a CADASIL family, one of which was also positive for anti-SSA and anti-SSB antibodies [11] . Autoimmune thrombocytopenia has been observed in an elderly patient, leading to aspirin discontinuation and stroke recurrence [19] . Renal involvement with IgA mesangial deposition in addition to the typical granular osmiophilic material of CADASIL has been reported in patients from unrelated families with NOTCH3 mutations, leading to the diagnosis of CADASIL complicated with IgA nephropathy [20, 21] . The above observations indicate that autoimmune conditions may rarely coexist with CADASIL and the presence of one should not preclude the diagnosis of the other.
POSSIBLE COMORBIDITY OF MS AND CADASIL
Some patients with genetically proven CADASIL may present with MS or MS-like conditions. Oligoclonal bands in the cerebrospinal fluid (CSF), a characteristic finding in MS, are extremely uncommon in CADA-SIL, but they have been reported [22, 23] . The occurrence of spinal cord lesions, especially longitudinal ones, are exceedingly rare in CADASIL and may be due to ischemia [24] but, when present, they evoke a diagnostic challenge [25] . In one family with CADASIL, 3 members presented with cord lesions in the posterocentral area, cerebral lesions in locations compatible with both demyelination and typical CADASIL, positive antinuclear antibodies and CSF oligoclonal bands [26] . Another CADASIL patient with thoracic cord involvement, in the absence of CSF oligoclonal bands, showed paramagnetic enhancement of an internal capsule lesion and good response of his gait disorder to corticosteroids [27] . A ring enhancing lesion in the cerebellar peduncle and a solid enhancing lesion in the corona radiate were observed in a patient positive for CSF oligoclonal bands and with a high IgG index, who later developed new multiple enhancing lesions and new cervical spinal lesions [28] . Relapsing optic neuritis without CSF oligoclonal bands has been described in a CADASIL patient with sensorimotor leg deficit, showing good response to corticosteroids and later to glatiramer acetate [27] . According to the authors, this patient would otherwise fulfill the diagnostic criteria of MS.
Balo concentric sclerosis has been reported in a patient carrying a NOTCH3 mutation [29] . Oligoclonal bands were absent and response to corticosteroids was minimal. However, significant improvement was noted after 5 sessions of plasmapheresis. He was then treated as a clinically isolated syndrome with β-interferon-1a and no relapse was noted for at least 1 year.
The above reports of cases or families indicate that, rarely, MS or MS-like conditions may coexist with CA-DASIL. The presence of CSF oligoclonal bands or high IgG index and/or the responsiveness to immunological treatments points towards the autoimmune nature of these conditions. They may represent true MS or some other related demyelinative disease or an inflammatory form/component of CADASIL [27] [28] [29] . The cooccurrence of the two conditions could be coincidental. But, is there a possibility that NOTCH3 mutations may somehow provoke (or at least alter) autoimmune phenomena?
THE INTERPLAY BETWEEN CADASIL AND AUTOIMMUNITY
It has been hypothesized that an interaction may be normally present between the immune and NOTCH3 signaling systems. This interaction may be altered by NOTCH3 mutations or Notch3 dysfunction [30, 31] . In addition, the gain of a novel/toxic function of the mutant Notch3 protein, suggested to occur in CADASIL [1, 4] , may be associated, through altered protein-protein interactions, with immune dysregulation and/or presentation of new epitopes [27] leading to autoimmunity. This presentation of new epitopes may be facilitated by abnormal aggregations of extracellular matrix proteins, forming complexes with the extracellular domain of the Notch3 receptor [32] . Dysregulation of T-cells by altered Notch3 function may offer an additional or alternative mechanism for inflammatory demyelination [31] .
Alterations of the vascular wall occurring in CADASIL [4] are thought to affect the blood brain barrier and, indeed, many patients have CSF evidence of blood brain barrier dysfunction (increased protein) [23] . Such a dysfunction, possibly augmented by ischemia, may expose central nervous system antigens to the immune system, initiating an autoimmune reaction [28] . It seems possible however, that the NOTCH3 mutations alone are not enough to trigger autoimmunity since, most patients do not have such coexisting disorders. Other genetic or epigenetic factors may participate.
CADASIL is not the only genetic encephalopathy, which may (rarely) present with autoimmune comorbidity or be confused with MS. Indeed, some genetic white matter diseases, including adrenoleucodystrophy, may be complicated by an inflammatory component during disease progression [5] . Interestingly enough, some other genetic conditions may have both an ischemic and an inflammatory component, they may be accompanied by migraine with aura and ischemic events (including stroke or stroke-like episodes) and they may result in cognitive impairment and psychiatric/behavioral symptoms. Retinal vasculopathy with cerebral leucodystrophy (RVCL), due to mutations of TREX1 is one such disorder, presenting with many, sometimes overlapping phenotypes [33] . Renal and retinal involvement, together with contrast-enhancing mass lesions in brain imaging, distinguish this disorder from CADASIL. Mitochondrial diseases including MELAS [34] , POLG-related [35] , and OPA1-related [36] disorders may sometimes have an autoimmune component.
CONCLUSION
It is not infrequent for CADASIL to be mistaken for MS [37] . Better understanding of the disease is required for clinical neurologists and radiologists, in order to avoid diagnostic pitfalls and mistreatments. A much less frequent, yet existing scenario, is the co-occurrence of CADASIL and MS (or MS-like inflammatory condition). This co-occurrence may be incidental and the two disorders may progress in parallel, but unrelated to each other. Alternatively, the two disorders, once incidentally coexistent, may interact with each other, modulating the pathophysiological mechanisms and phenotypes. A third possibility is that CADASIL through various mechanisms may trigger autoimmune reactions, and either be complicated by an inflammatory component ("inflammatory form of CADASIL") or cause an MS-like disorder.
Mistreating CADASIL with immunomodulating treatments targeting MS should be avoided. However, the rare CADASIL patient with an inflammatory component should not be denied the use of immunological treatments.
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